2016) Methanol extracts from Cystoseira tamariscifolia and Cystoseira nodicaulis are able to inhibit cholinesterases and protect a human dopaminergic cell line from hydrogen peroxide-induced cytotoxicity,
Introduction
Marine macroalgae are considered important reservoirs of several bioactive compounds, such as sulphated polysaccharides, peptides and phlorotannins. These molecules display important biological activities, which may be relevant for the improvement of human health, including antioxidant, anti-inflammatory and antitumour activities .
Macroalgae also contain compounds with recognised neuroprotective features, with high potential in the development of functional foods and/or nutraceuticals (Natarajan et al. 2009; Pangestuti & Kim 2013) . The use of products and/or compounds able to decrease the risk of disease and provide relief and/or treatment of cognitive dysfunctions is of particular interest in a society where there is an upsurge in the number of patients diagnosed with neurodegenerative diseases, especially Alzheimer's (AD) and Parkinson's (PD) (Chacón-Lee & González-Mariňo 2010) . At present, more than 10 million people exhibit symptoms related to different forms of dementia, and by 2040, neurodegenerative disorders could be the second leading cause of death in elders, after cancer (Bjarkam et al. 2001; Ansari et al. 2010 ).
Marine algae have been eaten and used in traditional medicine in China and in some Western countries for centuries (Fleurence et al. 2012 ). Interestingly, the lower incidence of neurodegenerative diseases in East Asia, as compared with that in Western countries, have been linked to higher consumption of fish and marine algae by East Asian inhabitants (Jorm & Jolley 1998; Kannappan et al. 2011 ). However, published information about the neuroprotective potential of marine algae is rather scarce (reviewed in Pangestuti & Kim 2011 , 2013 . This information could be particularly useful for future research, development and commercialisation of highvalue biocompounds to be used in the pharmaceutical and/or food industries.
The biodiversity of marine macroalgae on the Portuguese coast is high, and includes more than 250, 100 and 60 Rhodophyta, Ochrophyta and Chlorophyta species, respectively (Sousa-Pinto 1998) . Taking advantage of this diversity, this work reports the antioxidant activity and the acetylcholinesterase (AChE) inhibitory activity of methanol extracts of 21 species of macroalgae from the southern coast of Portugal. Selected extracts were then evaluated for their inhibitory activity against butyrylcholinesterase (BuChE) and tyrosinase (TYRO), capacity to attenuate hydrogen peroxide-induced toxicity in the human dopaminergic cell line SH-SY5Y and content in different groups of phenolic compounds.
Materials and methods
Chemicals 1,1-Diphenyl-2-picrylhydrazyl (DPPH), AChE (from Electrophorus electricus, Type V-S, EC 3.1.1.7), BuChE (from horse serum, EC 3.1.1.8) and TYRO (from mushroom, EC 1.14.1.8.1, 30 U) were provided from Sigma (Steinheim, Germany). Sodium carbonate was from Fluka (Steinheim, Germany), whereas Merck (Darmstadt, Germany) supplied dimethyl sulphoxide (DMSO), trichloroacetic acid (TCA) and Folin-Ciocalteu (F-C). Methanol was from Fischer Scientific (Loughborough, UK). Additional reagents and solvents were acquired from VWR International (Leuven, Belgium).
Sample collection and processing
Biomass was collected in the middle/lower intertidal areas, during the low tide in July-November of 2009 and in May 2010 at beaches throughout the Algarve coast, namely Vila Real de Santo António, Faro and Albufeira. A total of 21 macroalgal species were screened: 10 species belonging to the Ochrophyta phylum [ Portugal) . Samples were washed with seawater, kept cold until arrival to the laboratory, washed with tap water, freeze dried at 40 C for 2-3 d, ground and stored at À20 C. Voucher specimens (code nos. MB001-MB022) were deposited at the Centre of Marine Sciences, University of Algarve.
Preparation of the extracts
Methanol extracts were prepared by mixing 1 g of milled samples with 40 mL of methanol, followed by cell disruption with an Ultra Turrax T25 (IKA Labortechnik Basic, Staufen, Germany) disperser for 2 min. Samples were then extracted for 16 h at room temperature (20 C, RT) with stirring. The extracts were centrifuged (5000 g, 15 min, 20 C), filtered (Whatman no. 4) and dried under vacuum. Dried extracts were resuspended in methanol at the concentration of 10 mg/mL and stored at À20 C.
Antioxidant activity

Radical-scavenging activity (RSA) on DPPH
The RSA was evaluated by the method of Brand-Williams et al. (1995) , as described in Custódio et al. (2015) . Briefly, the extracts (22 mL at the concentrations of 1, 5 and 10 mg/mL) were mixed with 200 mL of a methanol DPPH solution (120 mM) in 96-well flat bottom microtitration plates, and incubated in darkness at RT for 30 min. The absorbance was measured at 515 nm and RSA was calculated as the percentage inhibition relative to a blank containing methanol. Butylated hydroxytoluene (BHT, 1 mg/mL) was used as a positive control.
Copper chelating activity (CCA)
The CCA was determined by the method described by Megías et al. (2009) . Samples (30 mL at the concentrations of 1, 5 and 10 mg/mL) were mixed in 96-well microplates with 200 mL of 50 mM sodium acetate buffer (pH 6), 6 mL of pyrocatechol violet (4 mM) in the acetate buffer and 100 mL of copper sulphate. The change in colour of the solution was measured at 632 nm using a microplate reader (Biotek Synergy 4, Winooski, VT). The synthetic metal chelator ethylenediamine tetraacetic acid (EDTA) was used as a positive control at the concentration of 1 mg/mL.
Iron chelating activity (ICA)
The ICA chelating activity was determined by measuring the formation of the Fe 2+ ferrozine complex according to Megías et al. (2009) , with some modifications. Samples (30 mL at the concentration of 1, 5 and 10 mg/mL) were mixed in 96-well microplates with 200 mL of distilled water and 30 mL of an iron(II) chloride solution (0.1 mg/mL in water). After 30 min, 12.5 mL of ferrozine solution (40 mM in water) were added. Change in colour was measured in a microplate reader at 562 nm. EDTA was used as a positive control at the concentration of 1 mg/mL.
In vitro neuroprotective properties: inhibition of enzymes related with neurological diseases
AChE and BuChE inhibition
The inhibitory effect on AChE and BuChE activities was measured by the Ellman method (Ellman et al. 1961 ) as described previously . Briefly, 20 mL of each extract (1, 5 and 10 mg/mL) were mixed with 140 mL of 0.1 mM sodium phosphate buffer (pH 8.0) and 20 mL of AChE or BuChE solution (0.28 U/mL) in 96well microplates and incubated at RT for 15 min. The reaction was initiated by adding 10 mL of acetylthiocholine or butyrylthiocholine iodide (4 mg/mL) together with 20 mL of 5,5 0 -dithio-bis(2-nitrobenzoic acid (DTNB: 1.2 mg/mL). The hydrolysis of acetylthiocholine or butyrylthiocholine iodide was monitored by the formation of the yellow 5-thio-2-nitrobenzoate anion as a result of the reaction of DTNB with thiocholines catalysed by the enzymes, at 412 nm, using a 96-well micro-plate reader (Biotek Synergy 4, Winooski, VT). Results were expressed as AChE and BuChE percentage inhibition relative to a negative control, containing methanol in place of the sample. Galanthamine was used as the positive control at the concentration of 1 mg/mL.
TYRO inhibition
The inhibitory activity against mushroom TYRO was determined by the method reported by Nerya et al. (2003) using L-tyrosine as a substrate. Samples (70 mL) were mixed in 96-well microplates with 30 mL of TYRO (333 units/mL in phosphate buffer, pH 6.5) and incubated for 5 min. Then, 110 mL of substrate (L-tyrosine, 2 mM in water) were added to each well and further incubated for 30 min at RT. The optical densities of the wells were read at 492 nm using a 96-well micro-plate reader (Biotek Synergy 4, Winooski, VT). The extracts were tested at the concentrations of 1, 5 and 10 mg/mL and results were expressed as TYRO percentage inhibition relative to a negative control, containing methanol. Arbutin was used as the positive control at the concentration of 1 mg/mL.
In vitro neuroprotective properties: cell-based assay
Protective effect of selected extracts on hydrogen peroxide-induced cytotoxicity SH-SY5Y cells were kindly provided by Dr. Eduardo Soriano (Barcelona Science Park, Barcelona, Spain). Cells were maintained in Dulbecco's modified eagle medium (DMEM) supplemented with glucose (4500 mg/mL), 10% heat inactivated foetal bovine serum (FBS), L-glutamine (2 mM), penicillin (50 U/mL) and streptomycin (50 mg/mL), and were grown at 37 C in an incubator with 5.1% CO 2, in humidified atmosphere. To determine the effect of the extracts on the viability of SH-SY5Y cells, they were seeded in 96-well plates at a density of 2 Â 10 4 cell per well, incubated for 24 h and exposed to the extracts from C. tamariscifolia and C. nodicaulis at different concentrations (2-125 mg/ml). Cells were then incubated for 24 h and cell viability was determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (Mosmann 1983 ) as described elsewhere .
To evaluate the protective effect of selected extracts on hydrogen peroxide-induced cytotoxicity, SH-SY5Y cells were seeded in 96-well culture plates at a density of 20 Â 10 4 cells per well, left to attach for 16 h and treated with non-toxic concentrations of methanol extracts of C. tamariscifolia and C. nodicaulis in culture medium. After 24 h of incubation, the extracts were removed and cells were treated with H 2 O 2 (100 mM) for a period of 30 min (Kim et al. 2005; Custódio et al. 2013 Custódio et al. , 2015 . To avoid the formation of artefacts, the stock solution of H 2 O 2 was prepared on phosphate-buffered saline (PBS, pH 7.4) and diluted with culture medium without FBS immediately before use in the assays. Negative control cells were treated with DMSO at the highest concentration used in test wells (0.5%, v/v), and cell viability was determined by the MTT assay.
Bioactive constituents
Total phenolics content (TPC) TPC was determined by the F-C assay according to Velioglu et al. (1998) . The extracts (5 mL at the concentration of 10 mg/mL) were mixed with 10-fold diluted F-C reagent in distilled water (100 mL) and incubated at RT for 5 min. Afterwards, 100 mL of sodium carbonate (75 g/L, w/v) were added, samples were incubated for 90 min at RT, and absorbance was measured at 725 nm on a microplate reader (Biotek Synergy 4, Winooski, VT). Results were expressed as gallic acid equivalents in milligrams per gram of extract (mg GAE/g dry weight, DW) using a calibration curve of gallic acid standard solutions.
Hydroxycinnamic acids
Hydroxycinnamic acids were detected by spectrophotometry according to Mazza et al. (1999) , modified to 96-well microplates. The extracts (20 mL at the concentration of 1 mg/mL) were placed in 96-well plates, diluted with 20 mL of an aqueous ethanol solution (95%, v/v) containing 0.1% hydrochloric acid and mixed with 160 mL of 2% hydrochloric acid. The absorbance was measured at 320 nm to determine hydroxycinnamic acids using caffeic acid as standard. Results were expressed as milligram of caffeic acid equivalents (CAE) per gram of extract DW.
Flavone and flavonols
Flavone and flavonol contents were quantified according to the method described by Ahn et al. (2007) , with modifications. Briefly, 50 mL of 2% aluminium chloride-ethanol solution was added to 50 mL of the extracts at the concentration of 1 mg mL À 1 . After 1 h at RT, the absorbance was measured at 420 nm. Quercetin was used as standard, and results were expressed as milligram of quercetin equivalents (QE) per gram of extract (DW).
Total condensed tannins content (CTC)
The CTC of the extracts was evaluated by the 4dimethylaminocinnamaldehyde-hydrochloric acid (DMACA-HCl) colorimetric method (Li et al. 1996) adapted to 96-well microplates (Zou et al. 2011) . The extracts (10 mL) were mixed with 200 mL of a methanol solution of DMACA (1% in methanol) and 100 mL of 37% hydrochloric acid. After 15 min of incubation, the absorbance was measured at 640 nm in a microplate reader (Biotek Synergy 4, Winooski, VT). CTC was calculated based in a standard curve of different concentrations of catechin and the results were expressed as milligram of catechin equivalents per gram of extract DW (mg CE/g DW).
Statistical analysis
Results were expressed as mean ± standard error of the mean (SEM), and experiments were conducted at least in triplicate. Significant differences were assessed by analysis of variance (ANOVA) or using Duncan's New Multiple Range Test when parametricity of data did not prevail. SPSS statistical package for Windows (release 15.0, SPSS Inc., Chicago, IL) was used.
Results
Antioxidant activity
The DPPH scavenging activity followed the trend Ochrophyta4Rhodophyta4Chlorophyta (Table 1) . Ochrophytes belonging to the Cystoseira genus had the highest scavenging potential, especially C. tamariscifolia (92% at 1 mg/mL; Table 1 ). When tested at the concentration of 10 mg/mL other species had also a high RSA, namely C. usneoides (109.0%), S. vulgare (98.2%), C. nodicaulis (95.1%) and C. baccata (90.4%; Table 1 ). At the concentration of 10 mg/mL rhodophytes had moderate activities, ranging from 4.7% for Peyssonnelia squamaria to 40.5% for Peyssonnelia sp., whereas, in chlorophytes, the RSA values went from 10.8% in Codium fragile to 41.2% in Cladophora albida (Table 1) . None of the species had relevant iron chelation 8.0 ± 0.5 i 23.2 ± 0.9 e 40.5 ± 1.0 c P. squamaria 2.9 ± 0.6 l 3.6 ± 0.7 h 4.7 ± 0.7 g Pterocladiella capillacea 5.2 ± 0.7 k 10.2 ± 0.6 g 12.9 ± 0.6 f Jania sp.
6.9 ± 0.7 j 18.1 ± 0.7 f 31.1 ± 0.9 d Chlorophyta Chaetomorpha sp. 9.4 ± 0.4 h 17.2 ± 1.0 f 34.9 ± 1.8 d Codium fragile À6.7 ± 0.7 m 9.0 ± 0.6 g 10.8 ± 0.6 f Codium sp 4.6 ± 0.6 k 10.5 ± 0.6 g 15.8 ± 0.5 f Enteromorpha sp.
12.0 ± 0.5 g 12.9 ± 0.5 g 25.1 ± 0.5 e Ulva sp.
10.3 ± 0.6 g 5. activity (ICA) at the concentration of 1 mg/mL, although at 10 mg/mL ICA was detected, with C. nodicaulis (75.0%) and C. humilis (70.4%) showing the highest levels (Table 2 ). Samples had low capacity to chelate copper when tested at 1 mg/mL, and at the highest concentration, the highest activities were detected in C. baccata (66.3%), Pterocladiella capillacea (62.0%) and C. albida (62.0%) extracts ( Table 2) .
Inhibition of enzymes related with neurological diseases (AChE, BuChE and TYRO)
Concerning the extent of enzyme inhibitory activity (%), the effect was classified as potent (450%), moderate (30-50%), low (530%) or nil (55%) according to Vinutha et al. (2007) . Ochrophytes had the highest inhibitory capacity on AChE, particularly C. tamariscifolia with potent inhibition at 1 mg/mL (70.1%), and 10 mg/mL (85.3%), and C. nodicaulis at 10 mg/mL (64.4%; Table 3 ).
Regarding the rhodophytes analysed, A. armata had potent inhibitory capacity (58.4% at 10 mg/mL), whereas chlorophytes had low or nil activity (Table 3 ). The species with the highest capacity to inhibit AChE, i.e., C. tamariscifolia, C. nodicaulis and A. armata were further evaluated for BuChE and TYRO inhibition, and results are summarised in Table 4 . The highest BuChE inhibition was obtained with C. nodicaulis (1 mg/mL: 84.5%) and C. tamariscifolia (1 mg/mL: 83.2%), similar to the values obtained with the application of galanthamine (80.3%) used as a positive control. Cystoseira nodicaulis had potent activity on TYRO at 1 mg/mL (85.6%), higher than the result obtained with the positive control, arbutin (78.0%). 
Neuroprotective effect against H 2 O 2 -induced cytotoxicity on SH-SY5Y cells
Exposure of SH-SY5Y cells to H 2 O 2 concentrations ranging from 1.5 to 25 mM for 30 min resulted in a significant loss of cell viability when compared with untreated control cells (p50.001), and decreased to 13.3% after exposure to 25 mM (data not shown). The concentration decreasing cell viability by 50%, i.e., 3.12 mM, was selected and used to induce oxidative stress. Non-toxic concentrations of the extracts from the most promising species, i.e., C. tamariscifolia and C. nodicaulis, were selected by exposing cells to samples at different concentrations (2-125 mg mL À 1 ) for 24 h. No significant decrease in cell viability was observed on treatment with samples up to the concentration of 62.5 mg/mL (data not shown). Thus, those concentrations were used to evaluate the neuroprotective effect of the algal extracts. Pre-treatment of cells with the extract from C. tamariscifolia and C. nodicaulis enhanced cell survival to almost 100% from viability of 53.4% of H 2 O 2treated cells without algal extract addition (Figure 1 ).
Bioactive constituents
The extracts from C. tamariscifolia and C. nodicaulis were evaluated for their total contents in phenolics, hydroxycinnamic acids, flavone and flavonols and condensed tannins, and the results are summarised in Table 5 . Cystoseira tamariscifolia had higher contents of phenolic compounds of all groups as compared with those of C. nodicaulis. In particular, the former contained high levels of hydroxycinnamic acids (106 mg CAE/g DW).
Discussion
This work aimed to identify macroalgal species from the Portuguese coast with potential interest as functional foods and/or as sources of compounds with neuroprotective features. For that purpose, 21 macroalgae species were first evaluated for their RSA and iron and copper chelation ability. Our results suggest that some species included in this work, especially those belonging to the Ochrophyta phylum, and more specifically to the Cystoseira genus, could be sources of molecules with RSA and metal chelation potential, with possible interest in the management of oxidative stress-linked neurological diseases. In fact, antioxidants can protect the central nervous system (CNS) against free radical-mediated oxidative damage, and constitute a major component of clinical and experimental drugs that are currently under consideration for the prevention and treatment of different neurodegenerative diseases (Moosmann & Behl 2002; Andersen 2004; Konishi 2009 ). In addition, the use of iron and copper chelators is often considered a valuable strategy for the management of oxidative stress-related neurological disorders, since the accumulation of those metals has a significant impact on reactive oxygen species (ROS) generation through the promotion of the Haber-Weiss/Fenton reaction (Gaeta & Hider 2005 , Weinreb et al. 2011 ). Moreover, iron may promote the deposition of plasma amyloid beta peptide (Ab) in senile plaques, which is one of the pathological characteristics of AD along with the intracellular formation of neurofibrillary tangles and loss of neuronal synapses and pyramidal neurons (Weinreb et al. 2011) . Although the role of copper in AD is controversial, there is direct evidence that an increase in the concentration of that metal in AD patients is related with ROS generation and neuronal cell death (Gaeta & Hider 2005) .
All the extracts were then tested for their inhibitory capacity on AChE, and the most active ones, i.e., C. tamariscifolia, C. nodicaulis and A. armata, were further evaluated for BuChE and TYRO inhibition. AChE and BChE hydrolyse the neurotransmitter acetylcholine (ACh) and a decrease in the levels of ACh is usually associated with the onset of AD and Parkinson's (PD), the most common forms of dementia (Filho et al. 2006; Prince et al. 2012) . Thus the use of cholinesterases inhibitors (ChEI) is considered to be a useful therapeutic approach for the symptomatic treatment of AD (Filho et al. 2006; Pangestuti & Kim 2010) . In this sense, our results suggest a possible therapeutic value of the compounds present in C. tamariscifolia and C. nodicaulis as inhibitors of AChE and BuChE. In fact, the most prescribed drugs for the treatment of AD, such as donepezil and galanthamine, are selective inhibitors of AChE (Orhan et al. 2007; Dall'Acqua 2013) . Furthermore, there are reports suggesting that the use of compounds with dual ChE inhibition can increase the efficacy of the treatment, and broaden their application to other disorders affecting the CNS, namely Down syndrome and patients suffering from traumatic brain injuries (Giacobini 2004 Cystoseira nodicaulis strongly inhibited TYRO at the lowest concentration tested. TYRO is a multifunctional copper-containing enzyme involved in neuromelanin formation in the human brain and, due to its oxidase activity, can potentially accelerate the induction of catecholamine quinone derivatives, contributing to the neurodegeneration associated with PD (Khan 2007; Hasegawa 2010) . In fact, tyrosinase inhibitors have become an attractive target for the treatment of this disease. Methanol extracts and organic fractions of other brown algal species, such as Ecklonia stolonifera were reported to strongly inhibit TYRO (Kang et al. 2008) . However, as far as we know, there were no reports until now on the TYRO inhibition of C. nodicaulis, C. tamariscifolia and A. armata. Assays are in progress to isolate and identify the compounds responsible for the observed inhibition.
Since C. tamariscifolia and C. nodicaulis had the strongest antioxidant potential, coupled with AChE, BuCHE and TYRO inhibition, they were further explored for their neuroprotective potential. This was accomplished through the evaluation of their in vitro protective effect against hydrogen peroxide (H 2 O 2 )-induced cytotoxicity on SH-SY5Y cells, a human neuroblastoma cell line often used as an in vitro model in studies regarding the evaluation of the effect of drugs and natural compounds on neuronal ailments (Kim et al. 2005; Custódio et al. 2013 Custódio et al. , 2015 . H 2 O 2 was chosen as the inducer of oxidative stress, because it is one of the main ROS produced in the Figure 1 . Protective effect of methanol extracts of C. tamariscifolia and C. nodicaulis in SH-SY5Y cells. Cells were pre-treated with different concentrations of the extracts for 24 h, and exposed to 3.12 mM of H 2 O 2 . Each value represents the mean ± SEM of three replicates. Significantly different than that of the H 2 O 2 -treated group: *p50.05; **p50.01. brain during the progress of AD (Pan et al. 2009 ). The pre-treatment of the cells with the extract from C. tamariscifolia and C. nodicaulis enhanced cell survival up to almost 100% compared with the H 2 O 2 -treated group, which had a viability of 53.4% (Figure 1 ). Since the extracts were removed from the cells before the application of H 2 O 2 , the increase in cell viability may be more likely due to the activation of intercellular and intracellular excitoprotective signalling pathways, and those related to the maintenance of mitochondrial function, than to direct antioxidant effects (Mattson 2003) .
To gain further knowledge regarding the phytochemical composition of the extracts from C. tamariscifolia and C. nodicaulis, they were evaluated for their total contents in phenolics, hydroxycinnamic acids, flavone and flavonols and condensed tannins. Cystoseira tamariscifolia had a higher content of all the groups of phenolic compounds than C. nodicaulis. The TPC of the former species was also higher than those reported for other species of the Sargassaceae family, such as S. vulgare and S. muticum, and also than other Ochrophyta, as for example D. dichotoma and D. spiralis (Zubia et al. 2009; Airanthi et al. 2011) . Biophenols are believed to shield the algal thallus against photodestruction caused by UV radiation, herbivores and pathogens (Abdala-Díaz et al. 2006) . Moreover, phenolic compounds are considered as one the most potent and therapeutically useful molecules due to their capacity to prevent oxidative stress-mediated disorders, such as cancer and neurodegenerative disorders (Soobrattee et al. 2005) . Cystoseira tamariscifolia was particularly enriched in hydroxycinnamic acids. Hydroxycinnamic acids including ferulic, caffeic, sinapic and p-coumaric acids are phenolic compounds widely distributed in plants and also present in algae (Shahidi & Chandrasekara 2010; Novoa et al. 2011 ). These compounds display a strong anti-radical activity, which is related to their capacity to donate hydrogen or electron, and to delocalise/stabilise the resultant phenoxyl radical (Teixeira et al. 2013 ). The highest hydroxycinnamic acids content in C. tamariscifolia could thus explain its higher RSA, when compared with C. nodicaulis. Additionally, there is evidence that different hydroxycinnamic acids can protect neuronal cells against oxidative damage in in vitro models (Pavlica & Gebhardt 2005; Nakajima et al. 2009; Jeong et al. 2011; Garrido et al. 2012) . Moreover, in vivo studies in rats and mice suggest that those compounds can be effective neuroprotective agents (Cheng et al. 2008; Tsai et al. 2011) . In this sense, it is possible that these compounds are involved in the observed protective effect of the extract of C. tamariscifolia against oxidative stress imposed by H 2 O 2 treatment on of SH-SY5Y, but not in C. nodicaulis, since in this species hydroxycinnamic acids were detected in significantly lower amounts.
Different Cystoseira species contain different classes of biocompounds with recognised health promoting potential, such as polyunsaturated fatty acids (PUFA), phlorotannins, tetraprenyltoluquinols, sesquiterpene derivates and diterpenoids (Koivikko et al. 2005; Colombo et al. 2006; Gouveia et al. 2013; Silva et al. 2013) . Specifically, the species that yielded the best results in this work, i.e., C. tamariscifolia and C. nodicaulis, have a high PUFA content, with values of 44.3 and 43.6%, respectively, with predominance of arachidonic (AA, C20:4n-6) and eicosapentaenoic acids (C20:5n-3, EPA; Vizetto-Duarte et al. 2015) . The incorporation of AA and EPA in the diet is generally encouraged since they often lead to the reduction of coronary risk and aid in the prevention and/or treatment of neurological pathologies such as depression (Chowdhury et al. 2014) . Additionally, C. tamariscifolia and C. nodicaulis have a low ratio PUFA/saturated fatty acids (SFA) (Vizetto-Duarte et al. 2015) , which is considered appropriate for human consumption (HMSO 1994) . Moreover, the n-6 PUFA/n-3 PUFA ratios found for these species by Vizetto-Duarte et al. (2015) are within the values recommended by WHO to prevent neurological diseases (Kumari et al. 2013 ). In addition, C. tamariscifolia and C. nodicaulis contain different types of phlorotannins, such as fucophloroethol, fucodiphloroethol, fucotriphloroethol, 7-phloroeckol, phlorofucofuroeckol and bieckol/dieckol (Ferreres et al. 2012) . Those compounds could be associated with the radical scavenging activity detected in this work in both species, since they are known to have strong antioxidant properties (Kim et al. 2009; Ferreres et al. 2012) , and thus, useful for the prevention/treatment of disorders associated with oxidative stress, such as those affecting the CNS.
Conclusions
Our results suggest that the brown seaweeds C. tamariscifolia and C. nodicaulis contain molecules appropriate for nutraceuticals and may constitute functional foods aiming the improvement of cognitive functions, through their capacity to scavenge free radicals, chelate metals, protect neuronal cells from oxidative stress and inhibit enzymes involved in the degradation of the neurotransmitter ACh. Assays are already in progress aiming to isolate and identify the bioactive compounds in those extracts.
